We investigate the generation of features at large scales in the primordial power spectrum (PPS) when inflation is driven by two scalar fields. In canonical single field models of inflation, these features are often generated due to deviations from the slow-roll regime. While deviations from slow-roll can be naturally achieved in two field models due to a sharp turn in the trajectory in the field space, features at the largest scales of the types suggested by CMB temperature anisotropies are more difficult to achieve in models involving two canonical scalar fields due to the presence of isocurvature fluctuations. We show instead that a coupling between the kinetic terms of the scalar fields can easily produce such features. We discuss models whose theoretical predictions are consistent with current observations and highlight the implications of our results.
Introduction
The measurements of anisotropies in the Cosmic Microwave Background (CMB) point to a primordial power spectrum (PPS) of adiabatic nearly Gaussian scalar fluctuations whose deviation from scale invariance has been accurately measured [1, 2] . The most effective and compelling paradigm to generate perturbations of such type is slow-roll inflation and, in fact, there exist many inflationary models that are remarkably consistent with the cosmological data [1] . However, it has been shown by different methodologies that deviations from the simple power-law in the PPS which is predicted by slow-roll inflation to leading order, can lead to an improvement in the fit to CMB anisotropies, although not at a statistically significant level [1] . Reconstructions of primordial power spectrum directly from CMB data have been indicating features in several publications [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
These features can be broadly divided into the following three types: a lack of power at large scales [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] , a dip and burst of oscillations around multipoles = 20-40 [37] [38] [39] [40] [41] [42] [43] [44] , and smaller oscillations that persist from intermediate to the smallest scales [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] .
In the simplest inflationary models involving a single, canonical scalar field, features in the power spectrum are generated by a departure from the slow-roll regime or from Bunch-Davies initial conditions. The departures from the slow-roll regime, in turn, are often achieved by specific features in the inflaton potential, such as a point of inflection, a step or oscillatory terms. There has been a constant effort in the literature to construct inflationary models that naturally lead to features in the scalar power spectrum.
Inflation driven by two or more scalar fields offer a richer dynamics and phenomenology (see [61] for a review). With more than one field, there are several possibilities to produce features in the PPS, as first pointed out in [62] . Beyond introducing features in the potential for the inflatons [63] , other phenomena are at play, such as particle production of additional spectator (i.e. with zero vev) fields coupled to the inflaton [64] , couplings to gravity [65, 66] or a turn in the trajectory in field space. Features originating from a turn in the trajectory in field space have been studied explicitly including curvature and isocurvature perturbations [67] or in an effective single field approach by integrating out heavy degrees of freedom [68] .
In this paper we adopt the approach of a direct integration of two-field dynamics with turns in field space, trying to avoid complicated forms, such as allowing transitions, steps or cutoffs in the effective potential. Indeed, in two field models, deviations from slow-roll can be achieved between two different stages of inflation, as in double inflation [69] , and this is the case we will focus on. The possible connection between two field inflation and features at the largest scales has been already made in [70] . However, differently from [70] , we demonstrate that a step-like feature with a higher amplitude on large scales is obtained when isocurvature perturbations are correctly taken into account, which is not so interesting from an observational point of view for CMB temperature anisotropies.
We therefore study the generation of features in a two field model consisting of a canonical scalar field (say, φ) and a second scalar field (say, χ) with a non-canonical kinetic term of the form f (φ)(∂χ) 2 . For works on two field inflation with these non-canonical kinetic terms -not necessarily connected to features -see for example [71] [72] [73] [74] [75] [76] [77] . Thereby, we focus on a setting in which φ (χ) is the effectively heavier (lighter) field driving the first (second) stage of inflation. Since the deviations from slow-roll do not permit in general analytical calculations, we therefore use complete numerical computations to determine the primordial power spectra by evolving both background and perturbations. We show that the effective mass of isocurvature perturbations grows with the coupling f (φ) during the first stage of inflation. Therefore, when isocurvature perturbations cross the Hubble radius, they decay and the the feedback to curvature perturbation is thus suppressed. This effect reduces the correlation between the curvature and the isocurvature perturbation in a way that a suppression of power is achieved for scales that cross the Hubble radius before the temporary violation of the slow-roll conditions, that is during the first stage of inflation. This paper is organized as follows. In the following section, we describe the model of our interest and summarize the equations governing the background and the perturbations. In Sec. 2, we outline the numerical procedure that we adopt to evolve the background and the perturbations. In particular, we describe in Sec. 3 the important role isocurvature perturbations play in our analysis. In Sec. 4, we then introduce our toy model and present the results of our numerical computation for the PPS for a large range of scales and comment on the role of the different parameters at play in generating relevant features. We then discuss the two cases when scales relevant to CMB anisotropies observations cross the Hubble radius during or well before the slow-roll violation in Sec. 5. In Appendix A, for completeness, we provide an additional scan of the parameter space for the model presented in Sec. 5.
Theoretical construction
In this section, we review the formalism essential to study the generation of perturbations in two field models of inflation with a coupling between the kinetic terms in terms of tangent and orthogonal field [75, 76, 78, 79] .
Background Dynamics
We consider a model consisting of two scalar fields, say, φ and χ, whose dynamics is governed by the following action:
Note that, while φ is a canonical scalar field, χ is a non-canonical scalar field due to the presence of the function f (φ) in the term describing its kinetic energy. Evidently, apart from the potential V (φ, χ), through which the fields can in principle interact, the function f (φ) also leads to an interaction between the fields. In order to connect with the equations of Refs. [75, 76] we define f (φ) ≡ e 2b(φ) . We work with the spatially flat Friedmann-Lemaître-Robertson-Walker (FLRW) universe described by the line-element
where a(t) is the scale factor and t is the cosmic time. In such a smooth background, the equations of motion governing the homogeneous scalar fields are given bÿ
where, as usual, the overdots represent differentiation with respect to the cosmic time, H = a/a is the Hubble parameter, while the subscripts denote differentation of the potential V (φ, χ) and the function b(φ) with respect to the corresponding fields. The dynamics of the scale factor is described by the following Friedmann equations:
(2.4b)
To characterize the evolution of the background, it is useful to introduce the so-called Hubble Flow Functions (HFFs) as follows [80] :
where H in is the value of the Hubble parameter at some initial time during inflation, and N = dtH represents the number of e-folds. The HFFs hierarchy is not only useful to define a successful slow-roll regime (i.e. 1 , 2 1) or the end of inflation ( 1 = 1), but also to quantify violations of the slow-roll regime which are of particular interest for this paper.
Linear Perturbations
Let us now turn to the dynamics of perturbations around the homogeneous vev of the scalar fields. To describe the scalar perturbations, for simplicity, we work in the Newtonian gauge. Since scalar fields do not have anisotropic stress to linear order, in the Newtonian gauge, the perturbed FRLW metric takes the form [81] 
where Φ is the Bardeen potential characterizing the perturbations.
To study the evolution of the perturbations, it proves to be convenient to decompose the perturbations in the scalar fields, say, δφ and δχ, along directions that are parallel and orthogonal directions to the trajectory in the field space [78] . These correspond to the instantaneous adiabatic and isocurvature perturbations and they are given by the expressions [75] δσ = cos θ δφ + sin θ e b δχ,
8b)
with the quantity θ being an angle in the field space that is defined through the relations cos θ =φ σ , sin θ = e bχ σ ,σ 2 =φ 2 + e 2bχ2 .
(2.9)
The equations (2.3) describing background scalar fields can be combined to arrive at the following equations governingσ and the angle θ:
where V σ and V s are given by
We also introduce here the following quantities for future convenience
To characterize the perturbations, we consider the gauge-invariant Mukhanov-Sasaki variable Q σ associated to δσ, i.e. Q σ = δσ+σ/HΦ, and δs (which is already gauge-invariant), associated with the adiabatic and isocurvature fields. The equations of motion governing Q σ and δs can be arrived at from the differential equations describing the perturbations in the scalar fields and the first order Einstein's equations. They can be obtained to bë
where the quantities u(t), h(t), g(t) and f (t) are given by
We choose to impose the following Bunch-Davies initial conditions on the variables Q σ and δs at early times when the modes of cosmological interest are well inside the Hubble radius:
where τ is the conformal time coordinate defined as τ = dt/a(t). We have verified that the same results are obtained by considering Bunch-Davies initial conditions for the gaugeinvariant variables associated to φ and χ instead. While Q σ and δs are convenient variables to identify the most natural initial conditions that can be imposed, it is also useful to think in terms of curvature and isocurvature fluctuations, which are used to classify initial conditions in the post-inflationary expansion. These quantities are given in terms of the variables Q σ and δs by the following relations:
Upon utilizing the equations (2.13), it is straightforward to arrive at the following equations governing the curvature and the isocurvature perturbations R and S:
, and the values of the parameters describing them are specified, we first integrate the equations (2.3) and (2.4) to arrive at the background quantities. As is often done in the case of inflation, in order to efficiently integrate the equations involved, we work with the number of e-folds N as the independent time variable. In all the different models that we consider, we assume that the pivot scale k = 0.05 Mpc −1 leaves the Hubble radius at 50 e-folds before the end of inflation.
With the background quantities in hand, we then go on to integrate the equations (2.17) governing the curvature and isocurvature perturbations R and S. Following Refs. [77, 82, 83] , we integrate the equations (2.17) by imposing the Bunch-Davies initial condition (2.15) on Q σ and assuming the initial value of δs to be zero. We then integrate the equations a second time by interchanging the initial conditions on Q σ and δs. This ensures no correlations between the curvature and isocurvature fluctuations when the modes are deep inside the Hubble radius. If we denote these two sets of solutions as (R 1 , S 1 ) and (R 2 , S 2 ), then the power spectra describing the curvature and the isocurvature perturbations as well as the cross-correlations between them are defined respectively as
The importance of isocurvature perturbations
In this section, we provide an explicit example of how it is difficult to achieve a suppression of the spectrum of curvature perturbations at the largest scales when inflation is driven by two canonical massive scalar fields. The interest in this double inflation model [69, [84] [85] [86] 
in the context of features has been driven by Ref. [70] . In particular, it was claimed that this model can lead to a suppression of power in the primordial power spectrum [70] . The deviation from the nearly scale-invariant result is achieved due to a temporary violation of slow-roll (in the sense discussed in section 2) at the transition between the first period of inflation driven by the heavier field (m φ = 6 m χ ) and the second one driven by the lighter field χ, which results in a local bump in the first slow-roll parameter , as can be seen in the left panel of Fig. 1 .
The curvature power spectrum obtained in [70] is plotted in the right panel of Fig. 1 in green line. However this result is obtained by neglecting the coupling between R and S in Eq. (2.17a). Taking into account the full evolution equations for R leads instead to the magenta solid power spectrum in the left panel of Fig. 1 , i.e. to a nearly scale-invariant power spectrum on small scales with a bump on large scales. We also plot the power spectra at Hubble crossing computed by taking (not taking) into account isocurvature perturbations in orange (blue) lines: as expected, they are nearly the same, as the isocurvature sourcing inside the Hubble radius is negligible. We also plot in the right panel of Fig with m χ = 6m φ . Right: The green line represents the scalar power spectrum found in Ref. [70] where the effect of isocurvature perturbation was neglected. See the magenta solid line for the correct result.
In more detail, the magenta dashed (dotted) line shows the scalar power spectrum for R 1 (R 2 ). We also plot the power spectra at Hubble crossing computed taking (not taking) into account isocurvature perturbations in orange (blue) lines. spectra corresponding to the two R 1 and R 2 , computed properly taking into account the isocurvature perturbations. As it is easy to see, in this case, the full power spectrum is almost given by P R 1 only, as we will show also for the model in the next Section. The importance of isocurvature perturbations in the context of features in the PPS generated by a sharp turn in field space is not only limited to the model in Eq. (3.1) but is more general. See for instance Ref. [77, 83] for the inclusion of isocurvature perturbations in Roulette Inflation [87] .
Generating features in the primordial power spectrum by a coupling between kinetic terms
In this section, we introduce a model in which primordial features at large scales of the desired form are more easily produced. We assume that the non-canonical function
We will see that the above simple form for the function b(φ) can lead to several type of features which could be observationally relevant for CMB anisotropies.
Although the mechanism we present is quite general for those initial conditions in which inflation is first driven by a field φ with an effective mass which is larger than χ, we consider the following potential:
We consider a KKLTI-like potential [88] instead of a simplest mass term for χ in order to have a tensor-to-scalar ratio compatible with the most recent constraints [1, 89] . In Fig. 2 , we plot relevant background quantities for the illustrative case of (m φ M pl ) 2 /V 0 = 1.2, m χ = 0.06M pl . We vary b 1 in order to highlight the effects of the coupling with the χ kinetic term. We choose φ i = 16 M pl and χ i = 0.96 M pl for the initial values of the scalar fields and we fix their initial time derivatives by imposing slow-roll initial conditions onφ i andχ i . We consider sets of parameters that are relevant for observations in the next section.
As can be easily seen from Fig. 2 , the heavier of the two fields, i.e. φ, rolls down its potential driving a first phase of inflation while the lighter field χ remains frozen. When the first stage of inflation dominated by φ is about to finish the field χ starts a second inflationary phase With this choice of parameters, the non-canonical kinetic term affects the background dynamics in making the second inflationary phase longer, as the third term in Eq. (2.3b) acts as a friction term for the χ field exponentially, and to suppress V χ . As can be seen from the central panels of Fig. 2 , the first slow-roll parameter shows a bump between the two phases and the slow-roll conditions are violated, i.e. 2 ≡ η > 1.
The evolution of fluctuations is shown in Fig. 5 for three different modes that cross the Hubble radius well before (k = k L , large scale mode), at (k = k • , transition mode) and after (k = k S , small scales modes) the transition between the two stages of inflation. Solid (dashed) lines represent modes for b 1 = 4/M pl (b 1 = 0). As can be seen, isocurvature modes are strongly suppressed by b 1 = 0 in the super-Hubble regime compared to the case of standard kinetic terms: this effect is due to an effective mass for isocurvature perturbations which is larger than H during the slow-roll regime. In the case of k ∼ k • , isocurvature perturbations grow for b 1 = 4/M pl and source in turn curvature ones. This effect is due to the fact that for high values of b 1 , the effective mass for isocurvature perturbations becomes temporarily negative during slow-roll violation, leading to a tachyonic growth of isocurvature.
We now turn to the primordial power spectra. Features in the power spectrum can be generated at the scales that cross the Hubble radius around the transition between the first and the second stage of inflation and depend on the combination of both b 1 and the ratio of the potentials (m φ M pl ) 2 /V 0 . These are shown in Figs. 4 and 5 , where we plot the curvature, isocurvature and curvature-isocurvature cross-correlation power spectra at Hubble crossing and at the end of inflation, respectively, for the same parameters used in Fig. 2 .
We plot a broad range of wavenumbers on the x-axis in units of k • , that we define as the scale that crosses the Hubble radius when slow-roll is violated in the black dashed model 1 fixed by b 1 = 2.4/M pl , i.e. at the peak of in the black dotted line of Fig. 2 . The red band is the range of scales that cross the Hubble radius during the break down of the slow-roll approximation. The part of the power spectrum that can be constrained by CMB observations consists of about 4 e-folds and depends on the position of k • which, once fixed N * , depends only on χ i .
As can be easily seen, apart from a small shift in the k-axis due to the different k • , the power spectrum of curvature and isocurvature perturbations at the Hubble crossing is nearly the same for every value of b 1 , as expected. The difference between curvature and isocurvature power spectra, however, is mainly due to the super-Hubble evolution of curvature and isocurvature perturbations, that we discuss in the following.
Below we provide the features appearing at different cosmological scales:
• Large scales:
We first look at the largest scales in Figs. 4 and 5. If we decrease χ i enough, slow-roll breaks down closer to the end of inflation and k • is shifted to the left of the plot. The power spectrum at CMB scales is then characterized by the spectral index predicted by chaotic inflation at the Hubble crossing. Note, however, that the amplitude of the scalar power spectrum depends on the non-canonical kinetic term b 1 because of the different isocurvature sourcing to R.
The tensor power spectrum, as expected, is not affected by any sources as it is decoupled from the scalar perturbations at first order. This in turn leads to a lower tensor to scalar ratio as discussed above. We will discuss a specific example of this in the next section.
• Small scales:
At smaller scales, we have the inflationary predictions of the single-field inflation driven by the field χ i , i.e. KKLT inflation at Hubble crossing. We have a small change in the curvature power spectrum at the end of inflation since its change induced by isocurvature perturbations is small. Isocurvature perturbations are indeed suppressed when their wavenumber exceed the Hubble radius and therefore acquire a blue spectrum in this region. All the spectra have a negligible dependence on b 1 in this region.
The reason is that the field φ has already settled in the minimum of its potential φ min 0 and thus the effects of b(φ min ) 0 are not as pronounced as in the first case.
The power spectrum of isocurvature perturbations in Fig. 5 is indeed nearly the same for all the values of b 1 shown in the color-bar.
• Intermediate scales:
This is the region where features are generated. The wavenumbers in this region cross the Hubble radius during the transition between the first and the second stage of inflation.
As can be seen, since the larger and the smaller scales have different amplitudes, the power spectrum has a sudden rise to match the two amplitudes. If k • 10 −3 Mpc −1 and the plateau on the right side is properly normalized to the CMB normalization, then the junction between the two plateaus becomes a point of suppression of power at large scales. As we discuss in the next Section, this can be used to explain the lowdeficit at 40 in the CMB temperature anisotropy pattern.
Furthermore, as we increase b 1 , a bump, followed by a small, dip appears. This is easily explained by looking at the inset in top left panel of Fig. 2 , which contains an inset highlighting the evolution of the field φ near the transition. The field undergoes a damped oscillation around its minimum before settling in it. When φ decreases and eventually becomes negative, also b(φ) becomes negative and, if b 1 is large enough, the effective mass of isocurvature perturbations becomes negative as well for a few e-folds, leading to a brief instability for those modes that cross the Hubble radius around the violation of slow-roll. This results in an enhanced isocurvature feedback for the modes that cross the Hubble radius when b(φ) < 0. This effect is stronger for larger b 1 and the resulting bump might worsen the fit to CMB anisotropies. However, arbitrarily increasing b 1 would further increase the bump: this mechanism might be used to generate Primordial Black Holes (PBH) and a stochastic background of Gravitational Wave (GW) from second order effects, if k • is pushed towards smaller scales. We will analyze such scenarios in an upcoming paper [90] .
In the upper panel of Fig. 5 we also illustrate the power spectrum of tensor modes. In this model, tensor modes are characterized by a larger amplitude for the modes which cross the Hubble radius during the first phase of inflation driven by a quadratic potential. The second phase of inflation is characterized by a tensor-to-scalar ratio typical of a KKLTI potential. This sort of broken power-law spectrum for tensor modes with a larger amplitude at large wavelengths might be therefore an interesting target for the next generation space missions dedicated to CMB polarization measurements as discussed in the next section. 
Effects on the CMB anisotropy power spectra
We now show the importance of the non-canonical coupling in generating primordial features which could be connected to the deficit at large scales in the CMB temperature anisotropy power spectrum. In order to achieve a deficit at 40, we shift the k • in Fig. 5 around k • ∼ 10 −3 Mpc −1 . To do so, we need the second stage of inflation to last about 46−47 e-folds (we remind that we fix N * = 50 in our analysis). This is achieved, by setting χ i = 5.76M pl . The evolution of for this model is given in the top left panel of Fig. 6 , where we have also listed all the parameters used in the numerical integration, that we have performed using a modified version of the publicly available code BINGO [95] , that takes into account the full two fields dynamics. Note that the amplitude of the tensor power spectrum is larger than in Fig. 5 , as we have used m χ = √ 3 M pl , differently from Sec. 4. In the top right panel, we plot the results for the curvature and tensor power spectra. We obtain a suppression of power on large scales starting from 0.7M −1 pl b 1 2M −1 pl . The tensor power spectrum shows a larger amplitude at low k, as also shown in Fig. 5 , because the Hubble parameter H is larger during the first stage of inflation.
The corresponding imprints on the CMB angular power spectra, that we computed using the Einstein-Boltzmann code CLASS 2 [96] , are shown in the lower panels of Fig. 6 . There is a lack of power in the CMB temperature power spectrum at low multipoles, without any modification to its small scale peak structure , more similar to what happens in Punctuated Inflation [24] rather than for a discontinuity in the first derivative of the inflaton potential [72] . This mechanism can be therefore interesting to explain the low-deficit in the CMB temperature power spectrum in both the WMAP and Planck data [89, 97] and is different from other ones such as Punctuated Inflation [24] or a discontinuity in the first derivative of the inflaton potential [72] . For the same parameters, the larger amplitude in the tensor power spectrum at low k induce a larger primordial B-mode polarization signal with respect to the single field realization of the second inflationary phase at 30, where the reionization bump is located. Again, this prediction for B-modes would be different from the corresponding one in presence of a discontinuity in the first derivative of the inflaton potential [72] . We note, however, that in the model considered, all the larger primordial B-mode occur for values of b 1 that give a higher contribution to the larger scale temperature spectra as well.
Let us now discuss the case in which the transition between the two stages occurs closer to the end of inflation, as shown in Fig. 7 . Whereas some differences in the scalar power spectrum and scalar tilt are present with respect to a single field realization of the first inflationary stage, i.e. a quadratic potential [98] , the tensor-to-scalar ratio can be suppressed by the correlation between curvature and isocurvature perturbations. The small differences in the scalar power spectra are due to the longer duration of inflation because of the second stage, as can be seen from the insert in top left panel of Fig. 7 . Fig. 7 also shows that, for the particular model in Eq. (4.1), the prediction for r in the first inflationary phase driven by a quadratic potential can be reconciled with the most recent constraints by CMB anisotropies since cross-correlation between isocurvature and curvature perturbation can modify the relation between the tensor-to-scalar ratio and the tensor tilt [76, [99] [100] [101] [102] [103] [104] 
As can be seen from the bottom left panel in Fig. 7 , the cross-correlation is indeed larger when b 1 = 0, thus explaining the lower tensor-to-scalar ratio. We note that we have checked that P S is small for all the models in Fig. 7 . Note that the mechanism just presented differs from earlier attempts to cure single field models that are in tension with the Planck data with the addition of heavy [105, 106] and/or spectator fields during inflation [107] [108] [109] [110] [111] [112] . In fact, it is the presence of a second, lighter inflaton that modifies the single-field predictions in our model. 
Discussions and conclusions
Generating features at large scales in single-field inflationary models requires in general either a fine-tuned scalar field Lagrangian or exotic initial conditions in the background dynamics/quantum fluctuations. On the other hand, generating features of similar shape by turning trajectories in field space in multi-field inflationary models requires also a careful study of isocurvature modes and their effects on the curvature perturbations. Isocurvature perturbations can indeed erase features in the PPS generated at Hubble crossing, as we have explicitly shown for the archetypal case of inflation driven by two massive scalar fields [85] , leading to different conclusions from [70] . Isocurvature fluctuations can have an impact on other inspired multi-field models for primordial features as well.
We have then discussed the phenomenology of features at large scales in two field inflationary models in which there is a non-trivial kinetic term of a second field χ coupled to φ. We have restricted ourselves to the case of a separable potential in which features can be generated during a breakdown of the slow-roll regime between two phases of inflation driven first by a scalar field with a larger effective mass and then by a second field with a smaller one. We have numerically integrated the exact equations for the linear perturbations taking into account the super-Hubble evolution of curvature and isocurvature perturbations.
We have shown how a sufficiently large coupling (b M −1 pl ) with the kinetic term of the second field can lead to a suppression of isocurvature perturbations, therefore decreasing their feedback into curvature perturbations. We have computed the associated CMB power spectra showing the phenomenological relevance of this mechanism to produce the lowdeficit observed in the temperature power spectrum. For the same parameters, we have also shown how the tensor power spectrum can have a larger amplitude at small k since the Hubble parameter is larger in the first inflationary phase. For this last reason, the mechanism discussed here is potentially different from other single field inflationary models which produce a deficit in the CMB temperature power spectrum at low multipoles, without decreasing the B-mode polarization signal as for a short inflationary stage preceeded by a kinetic stage [20, 113] . This possibility is obviously of interest for the next generation experiments dedicated to CMB polarization which can have access to low multipoles [91] [92] [93] .
On the other hand, we have also shown that, when the breakdown of slow-roll occurs close to the end of inflation, isocurvature perturbations can enhance the scalar PPS without altering the tensor one if the two fields are canonically coupled, and therefore reducing the tensor-to-scalar ratio on CMB scales.
In terms of future work, we note that the breakdown of the slow-roll regime would probably lead to a certain level of non-Gaussianity. We hope to study this issue in the future. the transition between the two stages more violent. This results in a huge deviation from η O(1) of the second slow-roll parameter. Also, the first slow-roll parameter can become even greater than unity 3 , leading to an intermediate matter-dominated expansion [69] . During this transition, the heavier scalar field undergoes damped oscillations around its minimum. These can last up to ∼ 5 e-folds as can be seen from the inset in the top left panel of Fig. 8 . Following the reasoning of Section 4, the damped oscillations between positive and negative values of the field φ leads to a continuous suppression and increase of isocurvature sourcing to the curvature perturbation. This series of peaks and dips can be thus seen in the power spectrum at scales that leave the horizon during this background oscillatory phase. This is shown in the left panel of Fig. 9 , where we plot the scalar and tensor power spectrum for our model obtained by fixing b 1 and varying the potential ratio. As can be seen, the oscillating pattern of the field φ is indeed imprinted in both the scalar and tensor power spectra. Nevertheless, the damped oscillations have a high amplitude at large scales. The oscillations have therefore to be at unobservable scales to fit the CMB data. In this case the CMB angular power spectra are in fact very similar to those obtained using a power-law power spectrum. On the other hand, if the oscillations in the power spectrum are in the range 10 −4 − 10 −2 Mpc −1 as in the left panel of Fig. 9 , we obtain the CMB angular power spectra in the right panel of Fig. 9 . As can be seen, the range of multipoles ≤ 100 is totally different from the ΛCDM best-fit plotted in solid black lines and the fit to data is considerably affected.
